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1 } BETWEEN THE RADIATING ELEMENTS 

| (57) Abstract 

| Antenna devices, including a ^.^^^^^ZV^^ 
connected to a first transnusaon bnehavmg ^2dtoffi3-taJd-« transformers (3. 
at least fast and second ^ ia ^V^ £n« 2 ^ s f d Tofeach transformer is connected to the 
4) for the first and second radiating etam»»J jLSdtar a ^ndwnsmission line (8) to which 
respective element. The other sides are «^2S» n ^» arestetive first impedance Rl 

elements. 
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Ml ANTENNA DEVICE WITH TWO RADIATING ELEMENTS HAVING AN 
S^rSS PKP.SE DIFFERENCE BETWEEN THE RADIATING ELEMENTS 

FIELD AND BACKGROUND OF THE INVENTION 

The present invention relates to a radio communication antenna 
device with two radiating elements or groups of radiating 
elements, the signal phase difference of whrch „ ^able- 
More specifically the invention relates to an antenna device 
with two radiating elements or groups of radratmg elements 
interacting to produce a directional radiation beam, the 
direction of which being adjustable through adjusting sard 
phase difference. The invention may even be applied to drrect 
beams from omni-directional or 360° radiating elements. 

PRIOR ART 

in directional beam antenna devices in, e.g., a cellular 
telephone system it may be desirable to use antennas wh ich may 
be adjusted to or pre-set at a specific beam direction or tilt 
in order to make an efficient use of radiated energy and to 
provide efficient reception of incident radiation. A 
xaechanical/geometric adjustability of the antenna me ans is 
known in the prior art, but, in the case of a mult i- radiator 
antenna device, an electrical adjustability is more suitable 
with regard to, e.g., steady mounting of the antenna device^ 
However, electrically adjustable prior art devices require a 
rather complicated design and permits small variations only in 
the manufacture and assembly of the antenna device. An 
electrically adjustable beam antenna device is disclosed m 
Patent Abstracts of Japan relating to Japanese Patent,: 
Application No. 63-134241. That device includes means for 
varying delays in feed lines to different radiating elements m 
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an array. 

SUMMARY OF THE INVENTION 

It is a main object of the invention to provide an antenna 
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,. i-*e introductory portion of claim 1, 

T iCe T-fectrioafad Stability is achieved end the nuaber 
wherein an electrical j cables/£e ed transmission lines is 

Tiler retired nu^r of transformer housings as we 11. 
Another object is to reduce the nu^er of ts of the 

« , mm v-. intearation of components. Another ot>Decc 
r^TTlIS "e and electrically well-defined 
»tLa device. Another object is provide (identical or a 
pre-defined set of) modular antenna devices that -»J» 

v. n ^ variety of antenna configurations exhibiting 

assembled into a variety oj. . . t , t0 

different parameters and performances, toother object is t 
Revile an antenna device suitable for radio communication. 
n.llular telephone systems operating at ultrahigh 

lufac^ri: and assembly than prior art antenna devices. 

These and other objects are attained in an ^l^Tcl^- 
according to the characterizing por ion th ^ ^ 
Xn fact only ha » 1 invenCi on compared to 

is required in the antenna de advan tages of the 

orior art antenna devices. Below, details an . 
present invention will be mentioned and/or further explained. 

The first and second radiating » ^^ch 

consist of more than one radiating element, ^T ot * group 
of the first and second radiating means may consist of a gro p 
or tne iirs^ 01 radiating elements of such 

of radiating means. A signal in the radiating 
a group are preferably in phase with each other, but may differ 
in phase for various interaction effects. 

-F-iY-ct- and one second radiating 
Although described as ™ °~ *^ '^tageous to arrange 
i element, or element groups, it may 

two or more of the antenna device of the invent on, or ot r 
radiating elements, in order to obtain interaction .esult g 
in, e.g., a more concentrated radiation beam wi,h . -o,-S- 
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rsa «e. The princes of arranging a multi-radiator antenna 
device are Known par ee. but the antenna device of the 
invention offers great improvement as outlmeo above. 

The antenna device is to be connected via toe first 
transmission line to a radio transmitting and/or 
device in a well-known manner. However the connection between 
the first transmission line and the second transmission line is 
important in the antenna device of the invention. This 
Section constitutes substantially a pure current division, 
since the first transmission has half the characteristic 
Cedence of the second transmission line. Thus the energy of a 
Z>al propagating in the first transmission line toward the 
contact point is split in equal halves propagating in each 
Lection from the contact point in the second transmission 
line, vice versa. 

This ii«plies that the choice of contact point effects 
substantially the length of the signal path only from the 
contact point to the respective radiating element (or group of 
radiating elements) . Apparently, there is a linear relationship 
between the position of the contact point on the second 
transmission line end the phase difference between the signal 
phase in the radiating elements. 

As a bordarline case, in order to obtain a largest possible 
phase difference between the first and second radiating 
elements, the connection point for the first transmission line 
mey be selected slightly outside a portion of the second 
transmission line, which portion has a substantially constant 
and resistive characteristic impedance. Although ~tctaag, 
phase and power-splitting properties will vary outside that 
portion, in the direction of one of the radiating elements, it 
would thus bo possible to make such a selection of the contact 
35 point. However, to some extent that would lead to deterioration 
in antenna performance. 

The conductive ground means (reflector) , which may be a 
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continuous metal plat, ground plane, ^£^f econa 
orientation and position ~ ^ ts t0 give 

properties . 

^ Parlance transformer means perform 
The first and second impedance tran* 

impedance of the second transmission line. 

and separated from it, a second * chara cteristic 
together defining sections with different cnar 
impedance, along their extension. 

„» second conductive element casing » step in cross-^ 

sectional ^^^^^.Snce L change in 
obtain a change of characteristic through a change 

characteristic impedance may also be achieved thro g 
of a dielectric between the conductive elements. 

second conductive element may ^^JZsVZZ 
sectional dimensions between two adjacent sections 
obtain a change of characteristic impedance. 

, ^ second transmission line may be formed by a 

^possibly including curves or ^^^ ^ -* 

seated STft. a fourth elongated conductive element. 

5 T he second transmission line may have a curved (arced, ^ath in 

— 1 -1 „ ~ r\ *->i« fi -rst transmission J-i — *■"=■- - 
£ plane perpendicular ^o tn- r— _ . . l4ri8< 

- tb« -Fi rst transmiSaiOia 

encircling one conductor or ua » 



PCT/SE96/00627 

WO J>6/37Gft9 ' 



, , e nf the antenna device or group of 
Th e radiating elements » „ aubBt£ntial ly plane and 

^ ^vices »ey be centar - to -center distance in 

ortaosonel metric oae K£Vslens th or less, 0.9- 
one ai»en,ion ^ 
1 0 wavelengths being a preier* 

- r - its? 
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« , a nd third connecting means of the first impedance 
The first and thrrd conn ^ balun means 

— ^^t^ elements, respective!, 

Tfce radiating elements and/or the elongated conductive elements 
X be comprised of single metal plate element(s) . 

• .4„n nav be provided with marks indicating 
The second transmission may £>e pr oiv i n g a 

and second radiating elements. 

- second transmission ~ ^ £f » ^ofa 

length of substantially equal to or xes 

wavelength. 

The radiating elements may advantageously be oriented in the 
same direction (of polarization or phase) . 

BRIEF DESCRIPTION OF THE DRAWINGS 

f«n view of an antenna device according to the 
Fig . 1 shows a top view of^n ^ ^ ^ ^ 

invention mounted on g~un ^ ^ of 

connected to a means , impe dance transformers, 

radiating dipole elements, o essentially two 

and a second transmission line, formed rro 
formed metal plate elements. 
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Fig. 2 shows a first side view of the antenna device of fig. 1. 

Fig. 3 shows a second side view of the antenna device of fig. i 
indicating also the ground plane on which the antenna devxce is 
mounted - 

Pig. 4 shows a perspective view with e cut-away section and a 
partial enlargement of ancther antenna device according to the 
invention to be connected to a first transmission line, 
including a ground plane, two radiating microstrip patch 
elements on a substrate parallel to and spaced from the ground 
plane, impedance transformers, and a second transmission line. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 

With reference to figs. 1-3 an antenna device is described 
having two first radiating dipole means 1. fed in phase and 
separated by less than one half wavelength and being P"*"-* 
to each other, and two second radiating dipole means 2, fed in 
phase and each being oriented aligned with a respective one of 
the first radiating elements 1 at a center-to-cent.r distance 
in the order of one half wavelength. Each dipole 1, 2 has a 
iength of approximately one half ^"tltance 
parallel to a conductive ground plane reflector o at «. 
of approximately one quarter of a wavelength. 

The first and second radiating elements 1, 2 are fed from a 
first and second impedance transformers 3, 4, vxa first and 
second balun means 12 and 14, 13 and 15, respectxvely. The 
first and second impedance transformers are xnterconnected by a 



second transmission line 8 

The dipoles 1, 2, parts 14, 15 of the balun means, and signal 
ground conductors of the impedance transformers 3 4 and the 
Second transmission line 8 are formed (punched) from one first 
metal plate constituting a bottom portion of the antenna 
fierce. This bottom portion is provided with relatively low 
downwards projecting warts 6 which are fastenec to tne 
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tor 5 vdtHc^ws and nuts (not showPfor well-defined 
^cll cl^ct points, adjacent ones of which are to be 
separated by less than one half wavelengtn. 

Parts 1, » - - signal rre: ^L°sL 

b0t r/ 0 W — ^ a teL 9 extents 17 and at the 
VSTJZ "^conductive fastening means. To be advantageous 
!n ILgeTcale manufacturing, the second plate may be produced 
by punching. 

The upper part of the first and second impedance transformers 
f 4 have widths varying in steps 18, 19. "^"^^^ 
their extension providing different characteristic impedance in 
sectiont'hich allow an effective impedance natch between the 
balun means, connected to the antenna, and the second 
balun mean h-ving a characteristic impedance of 100 

transmission line 8, having a conne cted to 

ohms. A first transmission line (not shown) _ 

wfl9 _ ic, a 50 ohms coaxial line, it is to ^ 
: and fastening bloc, (not shown, that can 

be fasten and grounded at any point along a slot 7 in th e 
bottom portion. The center conductor of the coaxia line is to 
b e soldered at any position along the upper par ^ ° £ *e second 
transmission line 8, that position determining the phase 
difference of the signal at the first and second radiating 
elements 1. 2. There are marhs , on the second = ™ 
line 8 for guiding in the selection of an intended phase 
difference. 

Further antenna devices of the type shown in figs. 1-3 may be 
arranged (in a matrix, on the same ground p ane 
interact with the radiators of the first antenna device 
similarly to the way these interact with each other. 

With reference to fig. 4 an antenna device is described formed 
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* partly microSp printed circuits on a plan, non-condu ctiv. 
Strata 42 including a first radiating patch element 31 fad 
af 40 by a first impedance transformer 33, 43 connects and 
MiZ tha first patch element 31 to an arcad transmission 
U aTo 0 l ot* connected to a sacond impedance transferor 

that matchas tha sacond transmission Una 38 and a sacond 
rldiacing patch elamant 32 connected at 41, a sacond radiating 
patch element 32 oriented in a mirror-like fashion in relation 
to the first radiating patch element 31. partly a conductive 
reactor S supporting the suhstrate 42 on e^al separating 
retiector ^ coaxial feed line is entered 

!££SXnr* '~Hnd is contacted to the second 
P t rsmisSrle via its center conductor 3S and a segment 3, 
to a point 39 determining tha phase difference all in a 
similar way to what is said ahove. For clarity xg. 4 includes 
a cut-away portion 44 and an enlarged portion 45 . 
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CLAIMS 



i ta antenna device to be connected to a first transmission 
line with a first characteristic impedance 21, said antenna 
device comprising: 

- at least one first radiating element; 

- at least one second radiating element; 

- a first impedance transformer means having first and second 
connecting means, said first connecting means being coupled to 
said first radiating element; 

- a second impedance transformer means having third and ourth 
connecting means, said third connecting means being coupled to 
said second radiating element, characterized * y 

- said first impedance transformer means at said second 
15 connecting means and said second impedance transformer means at 
^ said fourth connecting means exhibiting a substantially equal 

and substantially resistive first impedance Rl being ^ 
substantially equal to twice said first characteristic 

20 -"satrsecona and fourth connecting means being interconnected 
by a second transmission line with a second character is tic 
impedance Z2 being substantially equal to said first impeaance 

Rl " • J3 

- said first transmission line being to be connected to said 
25 second transmission line at a contact point determining a 

signal phase difference between said first and second radiating 
elements . 

2. An antenna device according to claim 1 or any of the 
30 dependent claim (a) , characterized by said 

antenna device further comprising a conductive ground means, 
said first radiating element having a predetermined separation 
from said conductive ground means and said second radiating 
element having a predetermined separation from said conductive 
35 ground means. 



3 . An antenna device according to claim 1 or any of the 
dependent claim (s) , 



characterized by each 
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impedance transformer being formed by a first elongated 
conductive element and, alongside thereof and separated from 
it a second elongated conductive element, together defining 
sections with different characteristic impedances along their 
extension. 

4 An antenna device according to claim 1 or any of the 
dependent claim ( s) , characterized by said 
second transmission line being formed by a third elongated 
conductive element and, alongside thereof and separated from 
it, a fourth elongated conductive element. 

5 An antenna device according to claim 1 or any of the 
dependent claim(s) , characterized by said 
second transmission line having a curved path m a plane ^ 
perpendicular to said first transmission line partly encircling 
one conductor of said first transmission line. 

6. An antenna array composed by at least one antenna device 
according to claim 1 or any of the dependent claim (s) , 
characterized in said radiating elements of said 
antenna device (s) being arranged in an substantially plane and 
orthogonal matrix with a center-to-center distance m one 
dimension being in the order of one wavelength. 

7. An antenna device according to claim 1 or any of the 
dependent claim(s) , characterized by said first 
and second radiating element (s) , said first and second 
transformers, and said second transmission line together 
forming one structural unit mounted on said conductive ground 
means . 

8. An antenna device according to claim 1 or any of the 
dependent claim(s) , characterized by said first 
and third connecting means of said first impedance transformer 
being coupled via a first and second balun means to said first 
and second radiating element (s), respectively. 



PCT/SE96/00627 

>J^re a-cording claim 1, c r a c t e 

Active exeats b*. co^ised of * sin S l« -U! pUt. 
element (s) . 
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